Perhaps it is true that the hope that physical research can resolve the philosophical problems of space is just as vain as the hope that philosophical thought can resolve the physical problems of space.
orbits and the stability of atoms and molecules. These aspects, which distinguish the ℜ 3 Physics from the ℜ n one, are called by him "singular aspects" and his works were aimed at stressing them. A crucial assumption is built in the main ideas contained in [5] , namely that it is possible to make the formal extension ℜ 3 → ℜ n for a certain law of Physics and, then, find one or more principles that, in conjunction with this law, can be used to single out the proper dimensionality of space. For this approach to be carried out, in general, one has to decide how such formal extension will be done. Frequently, the form of a differential equation -which usually describes a particular physical phenomenon in a three-dimensional space -is preserved and its validity for an arbitrary number of dimensions is postulated. Then, "singular aspects" may be brought into evidence by analizing the higher dimensional mathematical solutions. For example, the Newtonian gravitational potential for a ℜ n -space, V (r) ∝ r 2−n , is the solution of the generalized Laplace-Poisson equation,
in an n-dimensional space. Based on the general solution of the above equation, assumed to correctly describe planetary motion in a space with n dimensions, Ehrenfest has postulated the stability of orbital motion under central forces in order to constraint the number of dimensions. This general procedure was also followed by Whitrow [7] . The abrangence of this approach was noted by Tangherlini [8] , who proposed that for the Newton-Kepler problem, generalized to ℜ n space, the principle to determine the spatial dimensionality could be summarized in the postulate that there should be stable bound states orbits -or "states" -for the equation of motion governing the interaction of bodies, treated as material points. This will be generically called, from now on, the stability postulate. In his first paper [8.a], Tangherlini showed that the essential results of the Ehrenfest-Whitrow investigation are unchanged when Newton's gravitational theory is replaced by General Relativity. Application of this same idea to the stability of hydrogen atom, described by a generalized Schrödinger equation, leads to the same kind of constraint in a very huge and different spatial scale.
In its essence, Ehrenfest's approach for planetary motion relies on two postulates: a) Poisson equation for any space dimensionality correctly explains the same phenomenon it describes in three dimensions; and b) the stability of the mechanical orbits should hold in the higher dimensional space. For him the former is the causa formalis and the later, the causa efficiens of space dimensionality. Actually, both are typical ingredients of any Anthropic constraint imposed on dimensionality. In spite of the fact that this kind of approach strongly reflects the recognition of our ignorance being complete and assumes a 'Principle of Similarity' -using the expression adopted in [1] , namely that alternative physical laws should mirror their actual form in three dimensions as closely as possible -it seems a very hard task to avoid it as long as dimensionality is to be understood in the realm of Physics.
In any case, the previous results can be summarized by saying that only in universes in which gravity abides by an inverse square law could the solar system remain in a stable state over long time-scales. We will turn back to this point but, at this stage, it is important to stress that some epistemological and methodological aspects of this general approach based on the stability postulates were criticized in [9] . This briefly reviews how the stability postulate is used to cast some light on the problem of spatial dimensions.
It is important to stress that there is a third and decisive ingredient explicitly required or implicitly assumed every time a method which effectively connects the number of dimensions to some physical property is suggested. This is actually the most delicate part of any method one can propose for discussing the problem of spatial dimensions, and it will be shown that it is invariably connected to some version of Anthropic principle.
From the beginning, we would like to say that we are convinced that it is impossible to disentangle questions concerning this subject from some (any) kind of formalism representing a physical law, just because, as Jammer put it clearly [4] , "... it is clear that the structure of the space of Physics is not, (...), anything given in nature or independent of human thought. It is a function of our conceptual scheme."
This means that we should accept that the physical concepts and the concept of reality itself acquire sense only within a theoretical construction where they can be discussed and realized. So far as the problem of space dimensions is considered, we must carefully examine the consequences of this fundamental point for the obvious fact that looking back to the History of Physics we soon realize that all theories and systems were built up, as Bertrand Russell said, assuming that "the limitation of the dimensions to three is (...) empirical." [10] . Although this point has, in fact, motivated several works on the problem of spatial dimensions, it constitutes itself, at the same time, one of the main difficulties for discussing it, because the three-dimensionality of space is never questioned a priori when the physical law which is considered as the starting point for the seach of any "singular aspect" is established.
Even taking this criticism into account, a review of the literature on this subject leads us to regard to the Anthropic Principle as an almost unavoidable approach to the problem of space dimensionality when we want to explain why dimensionality is three and not another number. In any case, this is essentially related to Jammer's idea just recalled above. Thus, to the best of our knowledge, this epistemological limitation seems to be inherent to this problem (so far as we understand it) and, in a certain sense, is well illustrated and justified by the following Grassmann's words:
"The concept of space can in no way be produced by thought, but always stands over against it as a given thing. He who tries to maintain the opposite must undertake the task of deducing the necessity of the three dimensions of space from the pure laws of thought, a task whose solution presents itself as impossible." [11] .
These words just reinforce our conviction that the structure of physical space -in particular its dimensionality -is a function of our conceptual scheme and that it does not seem possible to formally deduce space dimensionality from it. In the last analysis, therefore, one should resort to phenomenology to determine it, which, at the end, actually means to accept some kind of Anthropic argument.
Let us turn back to Whitrow's argument. In his important 1955 paper, he asseverates that for trying "to isolate three-dimensional space as the only possibility for the world in which we find ourselves, we must now invoke some argument for showing why the number of dimensions cannot be less than three". To do this, he adapted the well known topological result from knot theory, that we cannot make a knot in even-dimensional space, to the necessity of higher forms of animal life to have brains in which electrical pulse informations carried on by nerves could not interfere destructively, which excludes a twofold and other even-fold spaces. This argument automatically constrains space to have an odd dimensionality ≥ 3. Then, in the conclusion of this paper one can read: There is no doubt that both conclusions above have an Achilles' heel: there is indeed no support to the hypothesis that the laws of Physics are in principle independent of the dimensions, except simplicity; an example of application of Ockham's maxima Entia non sunt multiplicanda praeter necessitatem. Probably, in general, they are not. Let us remember, for example, that the group structure of the Euclidean Group of rotations is different for various numbers of dimensions. This fact has led Hermann Weyl to consider, in 1949, that "mathematical and physical laws may cease to be indifferent to the number of dimensions on some deeper level than has been touched by physics" [12] . The result published br R. Mirman, in 1984 , that standard assumptions about the basic principles of Quantum Mechanics are not compatible with spacetimes with dimensions different from (3 + 1), is also to be recalled [13] . In any case, it still remains the possibility that a particular physical system or dynamical process could have place in other dimensions but being described by a new mathematical law, in such a way that their main features and properties are maintained. The third objection could rise in the light of a 1999 paper for it contradicts all previous results based on the stability of atomic orbits, since the authors have claimed that there could have be a stable hydrogen atom in higher dimensions [14] . In addition they sustain that some spectroscopic experiment can be used to explain that our space is three-dimensional. However, such a result is based on very strong assumptions; for example, that "the specific expression for the force between charged particles and the stability of atoms are of more basic physical importance than the validity of Gauss' law" and as a consequence Maxwell's equations should be modified. Criticisms of those ideas will appear elsewhere. In any case, despite of them, the intrinsic limitations of being still an approach which depends on Anthropic assumption could not yet be avoided. To the best of our knowledge, this is always the case. Therefore, let us try to push it on by presenting now some remarks about the time (and space) "scale" of the arguments previously discussed.
The first is related to Ehrenfest's stability argument which is typically valid for distances of the order of the solar system and in a time scale large enough to make the evolution of life possible on Earth, as mentioned by Whitrow [7] . However, his argument about this subject [7.b] could be improved by stressing that it is not sufficient that the intensity of solar radiation on Earth's surface should not have fluctuated greatly for life still exist on Earth; actually, the fact that Sun's spectra of radiation did not fluctuate very much should also be required [9] . By other side, Tangherlini's work about the stability of H atoms is often invoked to suggest the validity of Chemistry in the same time scale as a necessary, although not sufficient, condition -at least Chemical Thermodynamics of irreversible process should be also valid. Thus, as pointed out in [9] , "the presence of atomic spectra in remote stars may also indicate [s] that space has had the same dimensionality at cosmic scale." The existence of such a cosmic constraint on space dimensionality is a very interesting consideration and this subject was treated in [15] .
The second one is also related to the general idea that among a large number of possible universes, the actual Universe is the one that which contains intelligent life, or at least had some form of life in a very long time scale. We have quoted above what Withrow, Barrow and Tipler said about human life and how it imposes some constraints on the number of dimensions. Infallibly this query addresses us to Biochemistry. There is a nice chapter on this subject on Barrow and Tipler's book [1] , where several relevant topics are discussed in details, and so will not be treated here. Among them we can quote the unique properties of carbon, hydrogen, oxygen and nitrogen, or whether or not it is possible to base life on elements other than these ones, and finally that those unique properties are probably necessary to guarantee the ecological stability required by highly-evolved life, although not sufficient. Our aim here is to introduce a new argument in favor of a stable scenario for space dimensionality for a time scale longer than that required for the existence of human or another kind of highly-evolved life on Earth, remembering that the usually accepted scales are: 2 Millions years ago the homo erectus have appeared, while the first skeletons and easily recognazible fossils range are of 600 Millions of years ago. This new argument is related to the methane structure as will be shown now.
Let us consider the famous experimental result published in 1959 by Harald C. Urey and Stanley Miller [16] . They showed to be possible, by means of an electrical discharge, to transform an admixture of gases consisting of methane, water, ammonia and hydrogen into a great number of organic compounds, among them some amino acids essential to life. Although it is not a proof, this result is widely considered as a strong evidence for the creation of life in a kind of primitive Earth atmosphere, quite different from that of the present days, composed of the four elements just mentioned. Accepting this means to accept that in a certain sense methane, which has the most simple formula among the organic compound (CH 4 ), is somehow related to the origin of amino acids that could build up primitive life. In addition, it is implicit in this reasoning that the atomic structure and chemical properties of the elements have not changed.
Based on X-ray spectroscopy and on the empirical fact that an isomer of methane was never found, the tetrahedral structure of carbon was established [17] . In other words, Nature seems to have chosen just one spatial disposal for methane atoms and also for all compounds of the type CH 3 Y e CH 2 YZ, with Y and Z being any group of atoms. This rules out any flat configuration for the simplest organic compound and requires, obviously, that the space in which it exists should be at least three dimensional.
So, to believe on Urey-Miller's experiment as a clue for the origin of amino acids essential to life, associated to an atmosphere possibly rich on methane, implicitly assumes that three is the minimum space dimensionality required by methane structure and for life to be developed this way. Putting this together with what was said above about the spectra of remote stars, a scenario where space dimensionality should be at least three for very large spatial and temporal scales seems plausible; much greater than that required by human life on Earth. Remember that some authors believe the origin of life -probably thermophiles -occurs 3,500 Millions of years ago. Despite its speculative nature, this is a new constraint imposed not only on the number of dimensions but also on its stability throughout a very large space and time scale, obtained from a sort of modified strong Anthropic principle, namely, from the assumption that the early Universe should necessarily contain amino acids.
In conclusion, we would like to say that physicists and philosophers should still pay attention to many epistemological difficulties concerning the problem of space dimensionality, among which we could emphasize a certain incompleteness in the majority of approaches to this problem so far as they consider physical events taking place only in space, not in space-time. Thus, the problem of the number of space dimensions and that of time dimensions are probably not independent. Finally, whether or not a deeper comprehension on the problem of space dimensionality is to be reached and, in particular, if it could be possible to go on discussing this problem without taking into account any kind of Anthropic argument as some stage of a particular reasoning are still good questions without good answers.
